CONTEXT AND OBJECTIVE: Prematurity has been correlated with altered lung mechanics. Some infants develop lung injury as a consequence of lung immaturity, invasive mechanical ventilation and exposure to oxygen, thus resulting in bronchopulmonary dysplasia. The aim here was to compare the lung mechanics of preterm infants with and without bronchopulmonary dysplasia during the first year of life. DESIGN AND SETTING: Prospective cohort study in a tertiary-level hospital.
INTRODUCTION
Bronchopulmonary dysplasia is a chronic lung disease that mostly affects prematurely born children. The disease is associated with use of mechanical ventilation and prolonged use of oxygen.
Although these children are nowadays managed with "lung protective strategies", such as prenatal steroids, exogenous surfactants and minimally invasive ventilation strategies, along with other advances in neonatal care, bronchopulmonary dysplasia remains one of the most common complications of prematurity. 1 The main characteristic of children with bronchopulmonary dysplasia is late development of the lung acinus with abnormal alveolarization, abnormal deposition of elastin and abnormal vascularization. 2 These lung alterations may have significant consequences that go beyond childhood, and may result in obstruction and hyperreactivity of the airways. 3 Infants with "new bronchopulmonary dysplasia" exhibit abnormalities in lung function after birth, throughout childhood and into adolescence. 4 Moreover, a few studies conducted during the last decade have evaluated the progression or regression of alterations to lung function detected before medical discharge in preterm infants. 5 Extreme prematurity results in persistent alveolar damage. 6 Poor lung function during childhood has been reported in both healthy preterm infants and in those with bronchopulmonary dysplasia, although it is unclear whether prematurity alone can explain the reduction in lung function observed in infants with bronchopulmonary dysplasia. 7 Moreover, it has not yet been established how the lung grows during bronchopulmonary dysplasia and how the immature lung recovers from this disease.
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A longitudinal evaluation of lung function after premature infants have been discharged may help to identify those at risk of incomplete recovery of respiratory function and hence of development of respiratory problems during childhood.

OBJECTIVE
The purpose of this study was to compare the development of lung function at two times during the first year of life of very low birth weight preterm infants with and without bronchopulmonary dysplasia.
METHODS
Study design and inclusion criteria
From 2005 to 2009, a prospective cohort study was conducted among very low birth weight premature infants (birth weight < 1500 g) who were admitted to and treated at a public neonatal intensive care unit. The protocol included two pulmonary function tests, performed at the time of discharge from the unit and at the corrected age of 4 to 8 months (Figure 1) . Infants with congenital malformations, genetic syndromes or congenital infections and those who did not undergo the two lung function tests were excluded.
Evaluation of pulmonary function
Only infants who were clinically stable, were breathing room air and did not show any signs of respiratory infection over the three weeks prior to the tests were studied. Body weight and length were recorded prior to the tests. The pulmonary function tests were done at the lung function laboratory of our institution and were performed by a neonatologist and a physiotherapist who were unaware of the infants' medical history. Recordings were made with the infant in an incubator during quiet sleep, Patients who met the inclusion criteria: n = 154 (birth weight < 1500 g and gestational age < 37 weeks without malformations, without congenital infections and without genetic syndromes)
Not performed: n = 9 (nasal obstruction) Lung resistance was considered abnormal if it was greater than 50 cm H 2 O/l/sec.
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All infants were clinically monitored through monthly visits to our hospital's outpatient follow-up clinic for at-risk newborns.
Definitions
Bronchopulmonary dysplasia was defined as a situation of use of oxygen therapy at 36 weeks of corrected age. 12 The classification of the adequacy of the infant's weight for the gestational age was based on Alexander's intrauterine growth curve. 13 Infants with birth weight below the 10 th percentile were classified as small for the gestational age (SGA) and those with birth weight between the 10 th and 90 th percentiles were considered to be appropriate for the gestational age (AGA). Septicemia was defined as the presence of a positive blood culture.
Sample size and statistical analysis
A sample size of 105 children (21 exposed and 84 unexposed) was estimated, taking into account the following parameters:
expected frequency of functional impairment of 40% for infants with bronchopulmonary dysplasia (exposed group) and 10% for the unexposed group; relative risk of functional impairment at 4-8 months of 4.0; significance level of 0.05;
and power of 80%.
The data were analyzed by using the Epi Info software (CDC, USA). Appropriate descriptive statistics were used for the categorical variables. The t test was used for variables with normal distribution and Kruskal-Wallis for those without normal distribution. The chi-square or Fisher's test was applied to determine ratio differences. The statistical significance level was set at 5%. ventilation and 95% of the infants who developed bronchopulmonary dysplasia underwent mechanical ventilation. The incidence of male babies was almost twice as high among infants with bronchopulmonary dysplasia as among those without bronchopulmonary dysplasia.
The mean age at the time of the pulmonary function test, which was performed close to the time of medical discharge, was 37 ± 3.0 weeks for the children with bronchopulmonary dysplasia and 38 ± 3.0 weeks for those without the disease (P = 0.27). There were reductions in the frequencies of impaired pulmonary compliance and lung resistance, in both groups. Table 2 , the mean lung compliance close to the time of medical discharge from the neonatal unit among the children with bronchopulmonary dysplasia was considerably lower than the mean lung compliance among the children without bronchopulmonary dysplasia. The mean tidal volume of the children with bronchopulmonary dysplasia was considerably different from that to the children without bronchopulmonary dysplasia. There was no difference in anthropometric measurements in the first test between those with and without bronchopulmonary dysplasia. Table 2 also shows the values for lung mechanics among children with and without bronchopulmonary dysplasia at the corrected age of 4-8 months. It can be seen that the premature children with bronchopulmonary dysplasia had mean compliance that was lower than that of children without bronchopulmonary dysplasia, and had higher resistance. However, there were no statistically significant differences between infants with and without bronchopulmonary dysplasia over time.
As shown in
The increased in lung compliance was similar between the two groups as the children became older (Figure 2a) . The lung resistance decreased over time for both groups. This decrease was greater among the children with bronchopulmonary dysplasia (Figure 2b ), but the difference was not statistically significant. There was an increase in tidal volume among the children with bronchopulmonary dysplasia as their age increased, but the tidal volume among the children without bronchopulmonary dysplasia remained almost the same (Figure 2c) . The increases in body weight and height/length were similar for the two groups over time.
DISCUSSION
The most important result from this study was that the differences in lung function (compliance and tidal volume) that were observed at the time of hospital discharge were no longer observed at the follow-up assessment conducted at the age of 4-8 months.
This study showed that, at the time of medical discharge, the lung function damage among the premature infants with bronchopulmonary dysplasia was greater than that of the infants without the disease. Even considering the current lower severity of the bronchopulmonary dysplasia, the lung compliance was significantly abnormal in these children, given that it was 35% lower than in the children without the disease. Other studies have reported lung compliance values at the age of 2-4 months of age that were 30-50% lower than those of control children born at term. Moreover, these studies reported that the lung resistance in children with bronchopulmonary dysplasia was twice the value found in children in the control group. 14 of life (bronchopulmonary dysplasia) or later on. 16 Hence, these adverse conditions may cause abnormalities in the lung function of prematurely born children and these may be intensified in children who develop bronchopulmonary dysplasia. 8 Lower compliance results from the greater elastic limitation of the lungs of infants with bronchopulmonary dysplasia.
Hjalmarson et al. 8 reported that at the gestational age of 40 weeks, the specific compliance of the respiratory system of healthy premature infants born at gestational ages between 25 and 33 weeks was 73% of the compliance of children born at term. Although our study used a method for assessing lung compliance and not respiratory system compliance (which would make measurements of lung elastic recoil and thoracic wall recoil combined), the results show the same impairment as seen in other studies. 14, 15 Although there was a difference in the pulmonary function test parameters at the time of medical discharge, both groups The results from the present study showed that lung function improved as the child grew older, but the compliance among children with bronchopulmonary dysplasia remained inferior to that of children without bronchopulmonary dysplasia and the resistance remained higher. This implies that even with growth, lung function seems to result from the prematurity and from any clinical complications that occurred soon after birth. 18 This is concordant with the study by Gerhardt et al., 14 who reported that as children with bronchopulmonary dysplasia grew, their pulmonary compliance improved. However, it was still only 80-90% of the values seen in the controls at the ages of 2-3 years.
The present study shows the importance of assessing the pulmonary mechanics of very low birth weight preterm infants.
However, there is a need for further studies in order to indicate which method would be best for assessing lung function during It has also been shown in the literature that children born prematurely but without respiratory disease also have abnormal expiratory flows and that at least up to the age of two years, these flows continue to present values lower than those of the controls born at term. 19 Baraldi and Filipone showed that abnormal flows continued up to adulthood. 20 There is a need to carry out early analysis on several lung function parameters in order to identify these abnormalities earlier. It needs to be asked whether these infants with normal
pulmonary compliance values at a corrected age of 4-8 months would also have normal values for forced expiratory flow and vital capacity at this age. There is a need for functional biomarkers for identifying children at risk of subsequent respiratory morbidity. 21 The population of preterm infants and carriers of bronchopulmonary dysplasia is more susceptible to respiratory morbidity, wheezing and development of asthma, according to the literature. 22 Use of lung function tests among these children as a follow-up measure could contribute towards early clinical intervention and improvement of survival.
Although the estimated sample size was 21, only 17 infants with bronchopulmonary dysplasia were enrolled in this study.
This may be a limitation of the study, because this smaller number of children may have contributed towards lack of detection of any difference between the groups with regard to some features. Therefore, the present results should be interpreted with caution.
Another of the limitations of this study was the varying ages at which the second lung function test was performed. Because respiratory infections occur frequently among children and it is recommended to wait for a minimum of three weeks thereafter before the test is taken, this meant that we had to include a corrected age range from 4 to 8 months in the examination protocol.
Another constraint was the high number of children excluded from the study because of respiratory infections presented at the time of the second test. This is a population susceptible to respiratory morbidity, which hinders availability of the entire population for the longitudinal tests.
One of the strengths of this study was that it enabled sequential evaluation over the course of the first year of life, using a less invasive technique to document the lung function of very low birth weight preterm infants. However, a single evaluation of lung function at a follow-up after 4-8 months can be considered to be a limitation of the study.
There are few studies reporting serial measurements of lung function during childhood, thus showing the difficulties in making these measurements in this age group. 17, 23 In Brazil, few studies on pulmonary mechanics close to the time of medical discharge and over the course of the first year of life of very low birth weight premature children have been conducted. 24, 25 Thus, the present study provides an important contribution in this field of knowledge.
CONCLUSION
Differences in lung mechanics were observed between infants with and without bronchopulmonary dysplasia at the time of hospital discharge, but these differences were no longer detected at a corrected gestational age of 4 to 8 months. The lung mechanics of all the infants improved over this period of time.
